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IN THE CLAIMS 

Please cancel claims 1-12 and add the attached new claims 13-24. 
REMARKS 

Prior to a formal examination of the above-identified application, acceptance of the 
new claims and the enclosed substitute specification (under 37 CFR 1.125) is respectfully 
requested. It is believed that the substitute specification and the new claims will facilitate 
processing of the application in accordance with M.P.E.P. 608.01 (q). The substitute 
specification and the new claims are in compliance with 37 CFR 1.52 (a and b) and, while 
making no substantive changes, are submitted to conform this case to the formal 
requirements and long-established formal standards of U.S. Patent Office practice, and to 
provide improved idiom and better grammatical form. 

The enclosed substitute specification is presented herein in both marked-up and 
clean versions. 

STATEMENT 

The undersigned, an agent registered to practice before the Office, hereby states 
that the enclosed substitute specification includes the same changes as are indicated in 
the marked-up copy of the original specification. It does not contain new subject matter. 

Respectfully submitted, 




Craig Hallacher 
Registration No. 54,896 
Continental Teves, Inc. 
One Continental Drive 
Auburn Hills, Ml 48326 
(248) 393-6518 
Agent for Applicants 
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A PROCEDURE FOR TESTING THE FUNCTION OF A LAMP CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a procedure for testing the function of a lamp circuit, 
consisting of at least one lamp, by measuring the current and voltage. 

[0002] The nominal power of a lamp is the electrical power input of the lamp when defined 
standard conditions are present, in particular the application of a nominal voltage; it is 
given by lamp manufacturers as a lamp parameter alongside the nominal voltage, and is 
required by manufacturers of lighting systems as a standard value to be maintained. 
However, some lamps deviate significantly from the given standard values, which may 
lead to faults or defects in the lighting control or the lamps. 

[0003] Lighting systems are also used in safety-related applications, in particular in motor 
vehicles. With safety-critical applications of this type, it is necessary to check during 
operation for defects, or for non standard-compliant lamps which may have been installed. 

[0004] For example, when filament lamps are triggered in the motor vehicle, the switch 
output can already be diagnosed by the electronic system, for example, and information 
can be provided regarding the state of the load. By recognising the operating states and/or 
the measurement of the determining electrical values, the failure of the lamp can be 
detected, and a message can be sent to the driver or to a diagnosis system. 

[0005] The precision of the diagnosis procedure is restricted by different parameters, such 
as the precision of the measurements, for example, and above all by the electrical model 
of the lamps used. 

[0006] The simplest procedure for determining the lamp state is a digital determination of 
the output voltage when in a switched-off state. When the lamp is defective, the circuit is 
interrupted, which can be detected on the voltage level. 
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[0007] Improved procedures use a current measurement when the lamp is in a switched-on 
state, with a measuring resistor or current mirror switches or integrated solutions such as 
the so-called "SenseFETs" with a control input and a current signal output, as illustrated in 
Fig. 1. 

[0008] However, the voltage on the lamp circuit cannot be adopted accordingly as a 
constant value of the nominal voltage in a wide range of applications, in particular in motor 
vehicles. However, if the voltage deviates from the nominal voltage, the current power 
input produced from the voltage and current does not correspond to the nominal power. 

[0009] In addition, the current lamp resistance may fluctuate due to: 

- the use of different lamp types 

- the different nominal voltage of the different lamp types 

- deviations from different manufacturers 

* 

- scattering within a lamp type 

- lamp ageing. 

[0010] Particularly problematic is the diagnosis with two or more lamps which are switched 
in parallel, which can only be detected, if at all, when the electronic system is calibrated. 

[0011] In addition, the use of intact lamps which deviate from the specification, however, or 
a fault in individual lamps, can lead to faults on the control unit or other lamps which are 
switched in parallel with the lamp. 

[0012] A procedure for testing the function of a lamp circuit consisting of at least one lamp 
is known from US-A-5 578 998. The function test is conducted by measuring the current 
and the voltage on a resistance. 

[0013] A further procedure for testing the function of a lamp is known from EP-A-0 507. In 
order to test the function, the current and the voltage are measured on a resistance. 
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SUMMARY OF THE INVENTION 

[0014] The object of the invention is to provide a procedure for testing the function of a 
lamp circuit which also enables a function test with a high level of precision even when the 
operating voltage deviates from the nominal voltage. This object is attained by a method 
for testing the function of a lamp circuit having at least one lamp. The method comprising 
includes measuring a current and voltage of the lamp circuit and specifying a resistance 
value as a polynomial having an order depending on the measured voltage of the lamp 
circuit, wherein parameters of the polynomial are determined by a number of 
measurements which at least correspond to the order of the polynomial when operating 
conditions are known to differ and the resistance value or a value derived from the 
resistance value are compared with a specified value, th e f e atur e s d e scr i b e d in pat e nt 
cla i m 1. Advantageous furth e r e mbodim e nts are descr i b e d i n the subordinate cla i ms. 

[001 5] The lamp circuit consists of at least one lamp, i.e. the procedure is also suitable in 
particular for a lamp circuit with several lamps switched in parallel. By measuring the 
current and voltage, the effective operating state is recorded. Each function test is based 
on a comparison of measured values with set values. 

[0016] Here, a polynomial of at least the 1 st order, according to R=c*U+d, is taken into 
account for the resistance value, depending on the voltage effectively measured on the 
lamp circuit: Finally, it is not of decisive importance here whether the polynomial is taken 
into account in relation to the set values, or when the measured values are converted into 
derived values, i.e. whether the measured values are standardised according to constant 
set values or the set values are adapted to the operating conditions. 

[0017] The resistance value of the lamp can be determined as a polynomial of at least the 
1 st order, or can be derived from a further value, as will be explained in detail below. 
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[0018]The parameters of the polynomial are determined by a quantity of measurements 
which at least correspond to the order of the polynomial when operating conditions are 
known to be different. 

[001 9] The higher the order of the polynomial, the more precisely the set values can be 
predicted, or the measured values can be approximated to a fixed set value. 

[0020] Preferably, the resistance value is related to the nominal power, in which the 
parameters of the polynomial of the resistance value are in each case multiplied with the 
nominal power when operating conditions are known. In this way, when different lamps are 
used, a lower degree of fluctuation and improved value specification can be achieved. 

[0021] If the lamps show nominal voltages which deviate from each other under the 
nominal power, the parameters of the polynomial are standardised to a shared nominal 
voltage, in which, when measurements are taken when the operating conditions are 
known, the parameters of the polynomial of the resistance value are in each case 
multiplied by the ratio from the shared nominal voltage to the determined voltage of the 
lamps under nominal voltage. In this way, when different lamps are used, an even lower 
degree of fluctuation and a better value specification can be achieved. 

[0022] Preferably, the nominal power of the lamp circuit can be determined as the value to 
be compared with a specified value which is determined from the current and voltage, and 
the parameters of the polynomial of the resistance value which are determined from the 
reference measurements in order to determine the calculable nominal power for the lamp 
currently installed, and which are compared with the set value. 

[0023] Alternatively, the set current through the lamp circuit under the effective voltage can 
be determined as a specified value, i.e. from the voltage, the parameters are first used to 
calculate the resistance value for the effective voltage, which is then used to determine the 
anticipated set current, and compared with the actual current. 
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[0024] Here, each of the standardisations for nominal power and nominal voltage are 
naturally taken into account in each case. 



[0025] As a result, a lighting system consisting of at least one lamp and one control unit is 
possible, which records the current and voltage, and wh i ch i n accordanco with tho 
proc e dur e in on e of th e c l a i ms b el ow, calculates the resistance of the lamp or a value 
which is derived from it, compares it with the specified values and detects any deviation 
which may occur from the specified values which indicates that the lamp is defective or 
does not comply with the specification. 

[0026] Thanks to the improved approximation, two or more lamps which are switched in 
parallel can be monitored together, and it can be detected whether one of the lamps is 
defective or does not comply with the specification. Preferably, with lamps of a different 
nominal power or resistance, a conclusion is reached from the scale of the deviation from 
the specified values as to which of the lamps which are switched in parallel is defective. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The invention shall now be explained below in greater detail by way of exemplary 
embodiments which are explained with reference to the drawings, in which: 

[0028] Fig. 1 shows a preferred switch arrangement with SenseFet for measuring the 
current in the lamp circuit 

[0029] Fig. 2 shows a sketch of the achievable improvement in the description of the lamp 
resistance when a polynomial of the first order is used 

[0030] Fig. 3 shows a sketch of the actual lamp resistance procedure for different lamps 

[0031] Fig. 4 shows the degree of fluctuation when a polynomial of the third order is used 

[0032] Fig. 5 shows the degree of fluctuation with different lamp types and standardisation 
to the nominal power 

[0033] Fig. 6 shows the degree of fluctuation with different lamp types and standardisation 
to the nominal power and a shared average nominal voltage 

* 
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[0034] Fig. 7 shows the relative deviation with different lamp types and standardisation to 
the nominal power and a shared average nominal voltage 

[0035] Fig. 8 shows the parallel switching of several lamps 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0036] The present invention therefore describes a procedure for testing the function of a 
lamp circuit, in particular for the precise determination of the nominal lamp power from the 
measured lamp current under operating voltage, using an empirically determined lamp 
model. 

[0037] Here, measurements are first taken in measuring rows with operating conditions of 
the working current of the lamp which are known to differ from each other, depending on 
the operating voltage and for one lamp type in each case, and these measurements are 
then used to calculate the parameters for the polynomial of the resistor. 

[0038] The quantity of measurements already corresponds at least to the order of the 
polynomial in order to ensure the unambiguousness of the calculation of the parameters, 
although in practise, it is significantly larger in order to offset the measurement fluctuations. 
The parameters are then accordingly well approximated, but can be adopted as a 
constant, however, for the subsequent measurements when the operating voltage deviates 
from the nominal voltage. 

[0039] In this way, with a current measured voltage which is derived from these constant 
parameters, the resistance can be determined far more precisely, and therefore a more 
exact value can be given for the nominal power. 

[0040] The lamp resistance over the applied voltage is a polynomial of a high order and is 
shown in principle in Fig. 3. For a diagnosis, it is sufficient to observe the resistance of the 
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lamp in the working voltage range (U min ...U m ax). In this range, the resistance can be roughly 
approximated with a polynomial of the 1 st order, and can be approximated to a high degree 
of accuracy with a polynomial of the 3 rd order. Here, Fig. 2 makes clear that based on a 
nominal resistance under a nominal voltage and under a defined degree of fluctuation 
(thick lines around the broken central line), a fixed specification of threshold values R max 
and R m in or an approach using the resistance value as a constant lead to statements which 
are so ambiguous that neither the installation of a lamp which deviates from the 
specification, nor a defect in a lamp with several lamps which are switched in parallel, can 
be detected. 



[0041]This results in significant differences for all known variables (different lamp types 
and manufacturers, parameter scattering, ageing), which make a determination of the lamp 
power, in particular when different lamp types are switched in parallel, more imprecise, as 
can be seen from the degree of fluctuation shown in Fig. 3, whereby the broken line shows 
the average procedure, and the unbroken lines show the limits of the actual characteristic 
curves of the lamp. 

[0042] A decisive step forward which shows an improvement over this method can be 
achieved by standardising the resistance (or the parameters) to the nominal power, and 
even better, to the nominal voltage. 



[0043] Here, the polynomial of the voltage-dependant lamp resistance is multiplied by the 
nominal power of the lamp: 



R3 Pec = ^.p nom [n-w]; (eq. 1) 

llamp 
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[0044] It is then standardised to the shared nominal voltage, in order to offset the different 
nominal voltages for the different lamp types. 



D D Unorm Ulamp Unorm 

Kspec _norm — Kspec = rnom- [12* WJ \ ^) 

Unom_act Lamp Unom_act 



whereby U n0 rm is the nominal voltage of the lamp, e.g. 12.0V 

and U nom_act is the averaged voltage under the nominal voltage of a lamp type. 

These standardisations result in an almost identical polynomial R sp ec_stand for all lamp 
types, in which only a narrow tolerance band now needs to be considered, as illustrated in 
Fig. 4. 



[0045] By converting eq. 3, the precise nominal power of the lamp can be calculated from 
the polynomial, dependant on the operating voltage, or interpolated from a table: 



~ D Lamp • Unom_act . 

rnom — Kspec_norm ■ \ (eC|. O) 

Ulamp • Unorm 



With Rspec_ norm — 3. * U 3 + b-U 2 +c-U +d [Q-W]; 



[0046] The polynomial is determined using measuring rows, whereby the calculation of the 
specific standardised resistance is less prone to error, the fewer different lamp types are 
included in order to determine the polynomial. 



[0047] Here, the level of error in the interpolation curves of R sP ec_stand in relation to each 
other is lower than the component scattering with a lamp type. 
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[0048] Fig. 5 now shows the degree of fluctuation following standardisation to the nominal 
power with real characteristic curves for approx. 15 lamps commonly used in the motor 
vehicle industry with a completely different nominal power (5-60 Watts). It can already be 
very clearly surmised from a visual inspection that lamps with a completely different 
nominal power, and therefore with a different inner resistance, can be standardised to a 
relatively high degree of precision. 

[0049] The table below explains this principle in greater detail for certain selected lamp 
types. All lamps are motor vehicle lamps for 12-volt on-board networks. 



Lamp type 


1 


2 


3 


4 


5 


0with 
nominal 
voltage 


Absolute 
scatt. 


Relative 
scatt. 


Nominal power 
[W] 


60 


55 


60 


7 


21 








Nominal voltage 
M 


12.25 


12.6 


11.85 


12.8 


11.75 








Nominal current 
[A] 


4.9 


4.37 


5.06 


0.55 


1.79 








Rnom=U/l 


2.50 


2.88 


2.34 


23.27 


6.56 








Rspec=R*Pnom 


150.00 


158.58 


140.51 


162.91 


137.85 


149.97 


10.93 


7.29 


d [Ohm] = 


37 


39.79 


37.93 


42.5 


36.1 


38.66 


2.54 


6.58 


c [Ohm / V] = 


13.86 


14.73 


13.29 


13.9 


13.5 


13.86 


0.55 


3.97 


b [Ohm / V 2 ] = 


-0.5068 


-0.558 


-0.4926 


-0.5 


0.5075 


-0.51 


0.03 


5.04 


a [Ohm / V 3 ] = 


0.009 


0.0103 


0.0087 


0.0095 


0.0097 


0.01 


0.00 


6.60 



Here, the nominal voltage and the nominal current are the values which occur when the 
nominal power is present. 
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[0050] While the nominal resistances differ significantly among lamps with different powers 
(approx. 23 Ohm with a 7-Watt lamp as opposed to 2.5 Ohm with a 60-Watt lamp), the 
specific resistance value which is standardised to the nominal power is highly constant, 
with an average value of 150 and a percentage standard deviation of approx. 7%. In other 
words, lamps with a different nominal power can be characterised with a relatively high 
degree of precision using a specific reference value or corresponding parameter, a,b,c,d of 
the polynomial. 

[0051] It can also be clearly seen in the examples in the above table that the lamps partly 
show voltage values when under the nominal power which already clearly deviate from the 
specified on-board network voltage of 12 volts. It can also be seen that the two 60-Watt 
lamp types also still show nominal resistance values which deviate from each other. 

[0052] For this reason, a further standardisation is extended to a shared average nominal 
voltage, here of 12 volts. 

[0053] Fig. 6 shows the degree of fluctuation with different lamp types, which has again 
been significantly reduced as opposed to Fig. 5, and Fig. 7 shows the relative deviation 
with different lamp types and the standardisation to the nominal power and a shared 
average nominal voltage. 

[0054] It has been assumed in the above description that the feed wires and their electric 
resistance have been negligible as opposed to the lamp resistance. However, precisely in 
motor vehicles, feed wires of up to 6 meters in length, and yet which have narrow 
diameters are sometimes laid, which leads to wire resistances of up to > 200 Milliohms. If 
further wire resistances caused by corrosion and incomplete contact transitions now arise, 
then they can total up to 1 Ohm, and the losses occurring are not always negligible against 
lamp resistances of 3-30 Ohm. 
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[0055] For this reason, the opportunity is also provided to record and to take into account 
this resistance value in the wire. 

[0056] For example, when the resistance of the spiral-wound filament(s) significantly alters 
due to age, this can be detected by taking measurements under different operating 
voltages. 

[0057] Since the measurement of the operating voltage on the lamp by the electronic 
system would be very costly, the voltage can be more simply calculated by estimating the 
resistances in the load circuit. For this purpose, the operating voltage is measured on the 
control device input, and the voltage on the lamp is approximately calculated from the 
current and the resistances: 

Ulamp = Ubatt - Lamp • (RDSon + Rfeed) ; (eq. 4) 

whereby Roson= the switch-on resistance of the power switch 

Rfeed= the resistance of the lamp feed, including the transition resistance on the lamp 
socket. 

[0058] The precision of the calculation of the lamp power can however also be further 
increased without directly measuring the wire, when different operating voltage 
measurements are utilised in order to determine the nominal lamp power. 

[0059] This is based on the fact that when the calculation is made according to eq. 3, the 
nominal power of the lamp must be constant. If a lamp circuit therefore shows deviating 
nominal voltages with two measurements made in succession with different voltages, 
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without the lamp having been replaced, this can be used to deduce the influence of the 
feed wire. 

[0060] Accordingly, a cyclical recording of the measured nominal power and the operating 
voltage can be made for a subsequent error analysis, whereby the recorded values are 
stored, at least when significant deviations occur from the specified values, thus providing 
several measurements under different operating conditions, which are available for 
verifying and deducing the error location or error type. In addition, a time reference, for 
example using a system counter, is also stored, so that when changes are made, this can 
be clearly assigned within correspondingly short time periods. 

[0061] By calibrating the electronic system with'a precisely defined load, the error of the 
current measurement circuit can be further reduced, thus further improving precision. 

[0062] The procedure described above therefore makes it possible to calculate the nominal 
load connected to the switch output to a high degree of precision. 

[0063] A further advantage of the invention lies in the comprehensive diagnosis options 
when two or more lamps are connected to a switch output, where at least the failure of one 
lamp, and preferably also the installation of lamps which do not comply with the 
specification is detected. This enables: 

- savings in costs and space requirements through the reduction in the number of 
outputs or switches, i.e. several lamps are controlled with one output 

- a reduction in the range of different variants (e.g. different rear light/brake light 
concept for the USA version, the connection of a sidemarker in the USA version, and 
the parallel switching of indicator lights) 
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- the detection of a potential overload due to the impermissible parallel switching of 
additional lamps 

[0064] The following table shows the different diagnosis options for different configurations: 



Configuration 


Diagnosis 




Connected 
nominal power 


Lamp type 


Failure of 
one lamp 


Failure of two 
lamps 


Wire data and 
condition 


1 lamp 


yes 


2 

measuremen 
ts 


yes 


- 


X 


2 lamps with same 
type 


yes 


2 

measuremen 
ts 


yes 


yes 


X 


2 lamps with 
different type 


X 


X) 


yes 


yes 


X 


3 lamps with same 
type 


yes 


2 

measuremen 
ts 


yes 


yes 


X 


3 lamps with 
different type 


X 


X 


yes 


yes 


X 


N >3 lamps with 
same type 


yes 


X 


yes 

(for N < 4) 


yes 

(for N < 6) 


X 



X - plausibility from 2 measurements with different nominal voltage possible, in order to 
eliminate feed influences. 

[0065] The error detection options with parallel switched lamps will be explained using the 
example of an indicator light control according to Fig. 8, consisting of two 20-Watt lamps 
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with the same construction at the front and rear of the motor vehicle, and an additional side 
light with 5 Watts, controlled via a shared switch. The table shows the resulting values with 
a nominal voltage of 12 volts. 



L1 


L2 


L3 


Total 


20W 


20W 


5W 


45W 


1.67 A 


1.67 A 


0.42 A 


3.75 A 


7.2 Q 


7.2 Q 


28.8 Q 


3.2 Ohm 



[0066] It can immediately be seen that with the very rough threshold definition to offset 
temperature and voltage fluctuations which has been commonly made to date, it has never 
been possible to detect a failure of the smaller 5-Watt lamp, while even the failure or 
installation of a deviant 20-Watt lamp could hardly be detected, if a required tolerance of 
50% ± 3 Ohm is taken into account. 

[0067] Thanks to the significantly more precise determination, cases when 
L3 defective - nominal power still only approx. 40 Watts 
L1 or L2 defective - nominal power still approx. 25 Watts 

L3 and L1 or L2 defective - nominal power still approx. 20 Watts, can be differentiated 
from each other. 

[0068] Since the nominal power can be given with a model-dependant tolerance of approx. 
10%, the deviations can now be detected based on faults on the line. 

[0069] The procedure can in addition be used both with continuous triggering and when the 
lamp is operated in clocking mode. With clocking mode, i.e. in particular with PWM 



TM027 



14 



triggering of the lamps, the nominal voltage on the lamp is preferably the same as the 
effective value of the output signal 

Uiamp * Ubatt -vda ; (eq. 5) 

with a dc. = (duty cycle) = switch-on multicycle control factor of the pulse width modulation, 
i.e. the quadratic correlation of the effective value is preferably taken into account, instead 
of a linear calculation Ui am p * U ba tt *T on /Ttotai- 

[0070] It should be stated again that by altering the ohmic laws, this resistance model for 
lamps can also be used in the same way directly for the specification of current values 
which are dependant on the effective voltage, and the comparison with the current 
measured in each case is then made. An alternative would also be a comparison of the 
effective voltage with a set voltage calculated from the effective current and resistance 
model, whereby the resistance value itself is in turn dependant on the effective voltage. 
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ABSTRACT 



Disclosed is a procedure for testing the function of a lamp circuit by measuring the current 
and voltage. A resistance value is taken into account which is specified as a polynomial of 
at least the 1 st order depending on the effective measured voltage on the lamp circuit. The 
parameters of the polynomial are determined by a guantitv of measurements which 
correspond to the order of the polynomial, under operating conditions which are known to 
differ, and the specific resistance value or a value derived from it are compared with a 
specified value. When the parameters are standardised to the nominal power by 
multiplying the parameters by the nominal power, uniform average values with acceptable 
deviations are found over wide ranges of lamps with a different nominal power. If the 
lamps also deviate from each other in terms of the nominal voltage which occurs under the 
nominal power, it is advantageous to standardise this resistance value to a shared nominal 
voltage, so that very different lamps can be described together with good approximation 
using uniform parameters, and corresponding function tests can be conducted to a higher 
degree of precision. Furthermore, the failure of a lamp, or the installation of a lamp with an 
impermissible specification, can be detected on an output, even when several lamps are 
switched in parallel to each other. 

Th e inv e nt i on r e lat e s to a proc e dur e for t e st i ng th e function of a l amp c i rcuit, cons i st i ng of 
a t l e ast on e lamp, by m e asur i ng th e curr e nt and voltage. 

H e r e , a resistanc e valu e is tak e n i nto account which i s sp e cifi e d as a po l ynomial of at l e ast 
the-4 51 ord e r, pr e f e rab l y of th e 3 ** ord e r, d e p e nd i ng on th e e ff e ct i v e measur e d vo l tag e on 
th e l amp c i rcu i t, wh e reby th e par a m e t e rs of th e polynom i a l ar e d e t e rm i n e d by a quant i ty of 
m e asur e m e nts which at le ast corr e sponds to th e ord e r of th e polynom i al, und e r op e rat i ng 
condit i ons wh i ch ar e known to diff e r, and the sp e cif i c r e sistanc e va l u e or a va l u e d e r i v e d 
from it are compar e d w i th a sp e c i f ie d va l u e . 
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I t is part i cular l y advantag e ous that wh e n the param e t e rs aro standardised to th e nomina l 
pow e r by multip l ying th e param e t e rs by th e nom i na l pow e r, un i form averag e va l u e s with 
a cc e ptabl e d e viat i ons ar e found ov e r w i de rang e s of l amps w i th a d i ff e r e nt nomina l pow e r. 
I f th e lamps also d e viat e from e ach oth e r in t e rms of th e nomina l vo l tag e wh i ch occurs 
und e r th e nominal pow e r, i t has been shown to b e particu l ar l y advantag e ous to 
standardise this r e s i stanc e va l u e to a shar e d nom i na l vo l tag e , so that v o ry d i ff e r e nt lamps 
can b e d e scrib e d tog e th e r with good approximation using un i form param e t e rs, and 
corr e sponding funct i on t e sts can b e conduct e d to a high e r d e gr ee of pr e cis i on. 

I n part i cu l ar, th e failur e of a l amp, or th e i nsta l lat i on of a lamp with an imp e rmissib le 
sp e c i f i cat i on, can b e d e t e cted on an output, e ven wh e n s e v e ra l l amps ar e switched i n 
paral l e l to e ach oth e r. 
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